probes simultaneously, securing an internal control in each reaction. We show that the allele-specific ligation part of the assay can be performed with great accuracy over a wide range of temperatures, salt concentrations, and T4-DNA ligase concentrations. This eliminates the risk of false-positive or false-negative reactions due to variations in these factors. Because the assay is simple to perform, is very reliable, and can be partly automated, we conclude that it is well-suited for analysis in a routine laboratory.
Indexing Terms: heritable disorders/debrisoquine-.sparteine polymorphism /aIlele-speciflc ligation/poiymerase chain reaction/timeresolved fluorescence assay/biotin-streptavidin
The debrisoquine/sparteine polymorphism is one of the most studied genetic defects of oxidative drug metabolism in humans. The defect is caused by a deficiency in the hepatic cytochrome CYP2D6 (1, 2) and leads to poor metabolism of >25 drugs, including widely used tricyclic antidepressants,
-adrenergic blocking agents, and antiarrhythmics (3). The poor metabolizer (PM) phenotype is inherited as an autosomal recessive trait (4) (5) (6) (7) and occurs in 5-10% of European Caucasian populations (8 ) 4#{149} The majority of the populations can be divided into extensive metabolizers (EM) and a small group of so-called ultraextensive metabolizers (UEM) (9) . The clinical importance of this polymorphism is well established.
if patients are given the recommended doses of some of the above-mentioned drugs, PM individuals will develop toxic plasma concentrations while UEM individuals will suffer therapeutic failurebecause the attained plasma concentration will be far too low (3). (11, 12) . In the Caucasian wild-type configuration, CYP2D6 and the two pseudogenes reside together on a 29-kb XbaI fragment (12) . So far, three mutations have been associated with the PM subgroup.
The A mutation is a 1-bp deletion in exon 5 leading to a fraxneshift in the translation of CYP2D6 mRNA (13) . The B mutation is a G-to-A transition in the 3'-end splice-site consensus sequence of intron 3, leading to missplicing of the premature transcript (13, 14) . The D mutation is a deletion of the entire gene (15) . All three mutations lead to either no or a nonfunctional enzyme. In the Caucasian population the B mutation constitutes -75% of all mutant alleles, the D mutation 14%, and the A mutation 5%. Together the three mutations account for 90 -95% of all PM individuals (16) (17) (18) and 1200 finol of each allele-specific ligation probe was added.
The sequences of the allele-specific ligation probes and the biotinylated capture probe are given in the legend to Each time an assay was performed, a mock reaction of each individual sample was included.
The mock reactions were identical with the test samples except that no T4-DNA ligase was added. Unless otherwise stated, the mean signal obtained from the mock reactions was used for background subtraction. 2) Method 2: As above but with the following modifications:
Instead of using the thermocycler, the samples were placed in a 94#{176}C water bath for 3 mm, transferred to a water bath for annealing for 10 mm at the temperature indicated, and transferred to the laboratory bench at room temperature for 10 mm before adding ATP and T4-DNA ligase in 10 p1 of 2 x ligase buffer. The reactions were briefly centrifuged and incubated for 1 h at room temperature before the assay was continued as described above. neously incubated with the target DNA, which is the 739-bp B fragment obtained in the PCR I step as described in Materials and Methods. One oligomer is common to both alleles and is biotinylated at the 3'-end and phosphorylated at the 5'-end. This oligomer is homologous to the sense strand in a position immediately on the 5'-site of the position of the B point mutation.
The other two oligomers are allele-specific probes differing from each other at the 3'-end.
Thus, the two allele-specific probes compete with each other in annealing to the target DNA. The wild-type-specific probe is labeled with Sm at the 5'-end. The B mutationspecific probe is labeled with Eu at the 5'-end. After a period of incubation, T4-DNA ligase is added and the incubation is continued for another period before the reaction mixture is transferred to a streptavidin-coated microtiter well, where the biotmnylated oligomer is captured.
The DNA is then denatured and washed in 0.1 mmol/L NaOH, leaving the labeled allele-specific probes only if ligated to the biotinylated common oligomer. After a final wash the products in the wells are quantified by time-resolved fluorescence measurements. The whole procedure is outlined in Fig. 2 .
Results

Method 1.
To test the reliability of the method, several factors were varied by using three subjects (previously described) with genotypes W/W, W/B, and B/D as controls (18). Fig. 3 shows percent Eu counts, percent Sm counts, and the ratio Eu/Sm from the respective genotypes as the amount of T4-DNA ligase, the ligation temperature, and the NaCl concentration is varied as indicated.
Increasing the amount of T4-DNA ligase from 0.25 to 4 U (Fig. 3A-C) does not lead to a corresponding increase in Eu counts, Sm counts or, (Fig. 3D-F) , although the number of total counts might increase slightly with increasing temperature, no effect is observed on the Eu/Sm ratio. Concerning the effect of NaCl (Fig. 3G-I Table 2 shows that this step is not a necessity.
Thus, if background counts are to be subtracted, it is necessary to include only a few T4-DNA ligase-free background samples spread over the microtiter plates and use the mean counts obtained from these for background subtraction. The reason for the improvement of the ligation assay using method 2 compared with method 1 is not very clear. By comparing Tables 1 and 2 one can see that there is no increase in the true-positive signals. Rather, there is a strong reduction in false-positive signals. The reason might be that, with method 2, water from the sample is evaporated and condensed on the inside walls and caps of the tubes. This is not the case when the thermocycler is used because of top heat from the lid. Thus, in method 2 the reaction volume is reduced during heat denaturation and annealing, which leads to a higher concentration of salt, target, and probes. This might change the annealing kinetics such that the homologous probe more efficiently displaces the nonhomologous probe from the target. This assumption is supported by the fact that, regarding the Eu/Sm ratio, method 2 works equally well with annealing temperatures from 22#{176}C to 50#{176}C (Fig. 4) .
The 
